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Identifcation, classification, and prevalence of development
dyscalculia
Abstract
Developmental dyscalculia (DD) is a number processing and calculation disorder that has been
identified in a similar fashion to other specific learning disorders. That is, the diagnosis is made when
the individual's achievement or ability in arithmetic is significantly below that expected for age,
schooling, and level of intelligence. This disorder is conceptualized as a hereditary disorder, being
present from early childhood, and is not the result of poor or inappropriate schooling, cultural factors or
medical conditions (American Psychiatric Association, 2000; WHO, 1996), although these latter
conditions can aggravate any learning disability. Although this widely accepted definition appears
plausible, findings from recent years require reconsideration firstly of the way DD is defined and
secondly of diagnostic criteria. 
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Introduction
Developmental dyscalculia (DD) is a number processing and calculation disorder that
has been identified in a similar fashion to other specific learning disorders. That is, the
diagnosis is made when the individual’s achievement or ability in arithmetic is
significantly below that expected for age, schooling, and level of intelligence. This
disorder is conceptualized as a hereditary disorder, being present from early childhood,
and is not the result of poor or inappropriate schooling, cultural factors or medical
conditions (American Psychiatric Association, 2000; WHO, 1996), although these latter
conditions can aggravate any learning disability. Although this widely accepted definition
appears plausible, findings from recent years require reconsideration firstly of the way
DD is defined and secondly of diagnostic criteria.
This paper provides a summary of the best research on the definition and identification
of DD, its classification, and prevalence.
Key Research Questions
1. What is developmental dyscalculia (DD) and how is it identified?
2. Is there clinical or research evidence for a subclassification of DD?
3. What is the rate of DD in children and the general population?
Recent Research Results
Definition and Identification
DD is conceived as a brain-based disorder of probable genetic origin, inherited from
one’s parents (Butterworth, 2005). Theories based on neurological and developmental
research propose that number processing (e.g., 3 is smaller than 8) and calculation
abilities (e.g., 9+7=16) are dependent upon certain genetic, inborn, hard-wired
capabilities but are also experience-dependent. Experience-dependent refers to the
inherent ability of the brain to develop and change enabling acquisition of new skills and
functions, as in the case of arithmetic, following exposure to numbers and calculation
during childhood and adolescence. Therefore, DD could be defined as a dysfunction of
developing neural networks specifically for the numerical domain due to a variety of
possible reasons, including genetic vulnerability, deficits in domain-general abilities
such as visual-spatial and verbal processing or attention and working memory, as well
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as adverse or maladaptive environmental and psychological conditions, for example,
deprivation and anxiety (von Aster & Shalev, 2007).
It is still a matter of controversy how to best obtain and validate the criteria and
measures necessary to diagnose DD. The range of estimates of the prevalence of DD
may stem from the lack of consensus and defining criteria to the wide range of
diagnostic instruments used. Specifically, testing of arithmetic ability should incorporate
recent neuro-developmental research and theory to address the relevant and basic
components of number processing and calculation, and should not only focus on school
curriculum demands. Such testing should tap knowledge of arithmetic facts and
procedures, and also basic number-processing skills such as subitizing (ability to
accurately assess size at a glance) a small number of objects and estimating large
number of objects, comparing number magnitudes, counting, and the ability to use
different notational formats (seven or 7) and spatially representing numbers on a mental
number line. If such a wide ranging test is not available, then more than one test should
be used (Desoete, Roeyers, & DeClercq, 2004; Mazzocco & Myers, 2003). Often it is
worthwhile to assess at two different time points, since diagnosis may depend on the
age of the child. The younger the child, the greater the likelihood that the learning
disability will remit, since at ages less than 8-9, the problem may be temporary and not
persist as would a true learning disability (Shaywitz, Escobar, Shaywitz, Flectcher, &
Mackuck, 1992).
Once an appropriate arithmetic test has been chosen (for which normative data should
not be older than about 10 years), determining what is outside the range of normal is
another challenge. Although there is no consensus as to which is the best way to
establish what is abnormal, options include: (a) 1-2 standard deviation (SD) discrepancy
between aptitude (IQ) and achievement; since one would expect that arithmetic
achievement reflects an inherent aptitude (measured by IQ), a gap which is greater than
expected for some 68-95% of the population could be used as a criteria for dyscalculia;
(b) a two-year gap between school grade and achievement; and (c) an absolute criteria
of the lowest achievers, those whose arithmetic scores are in the lowest 5-10% as per
age (Francis et al., 2005; Hammill, 1990). A weakness of the discrepancy approach is
that measures for both ability and aptitude should be completely independent of each
other, a proposition not guaranteed by any IQ test because of the difficulty to tease out
learning effects on innate aptitude (van den Broeck, 2002). Another confounding factor
for the discrepancy definition is emerging evidence that affected children show similar
specific math impairments that are independent of low, average, or high overall
intellectual ability (Jimenez Gonzalez & Espinel, 2002). Perhaps using an absolute
score, such as the lowest 10th percentile, as suggested by Mazzocco and Myers (2003)
may be more reliable and superior to any intelligence-ability criterion. Another option
that adds robustness to the diagnosis is to distinguish between children with arithmetic
disabilities that readily respond to remediation, suggestive that the problem is
environmental or attention-based, versus those who do not respond to teaching
interventions (Vellutino, Scanlon, & Lyon, 2000).
Identification of medical and environmental conditions that masquerade as learning
disabilities or exacerbate the difficulties of an academically weak child is important in
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reaching an accurate diagnosis. Common conditions causing or impacting on
dyscalculia include attention deficit hyperactivity disorder (ADHD) (Lindsay, Tomazic,
Levine, & Accardo, 2001), mathematic anxiety (Faust & Ashcraft, 1996), overcrowded
classes (Ginsberg, 1997), inadequate teaching methods, untested curricula (Miller &
Mercer, 1997), emotional issues, family adversity (family psychopathology, SES, etc.),
and environmental deprivation (Broman, Bien, & Shaughness, 1985). When examining
a child for DD, these conditions must be considered, diagnosed if present, and
addressed therapeutically. For example, a child with an anxiety disorder or ADHD
presenting as dyscalculia, would benefit from specific medication, psychiatric, or
educational interventions.
Classification
DD has been subtyped according to the presence or absence of coexisting reading
disorder (i.e., von Aster, Schweiter, & Weinholdr Zulauf, 2007), neuropsychological
profiles (i.e., Rourke, 1993) or different components of the numerical domain (i.e.,
retrieval of arithmetic facts or calculations; Desoete & Roeyers, 2005; Temple &
Sherwood, 2002). However, subtyping has not yielded consistent domain-specific
differences among children with dyscalculia, and has not proved useful in understanding
or treating the disorder (Geary, 1993; Kosc, 1974; Landerl, Bevan, & Butterworth, 2004;
Rosselli, Matute, Pinto, & Ardila 2006; Shalev, Manor, & Gross-Tsur, 1997; von Aster,
2000). Future research incorporating functional brain imaging might help to validate
subtyping by relating number processing and calculation to different contributing neural
networks.
Prevalence
Until recently, DD was considered to be a relatively rare learning disability with a
prevalence of 1%, significantly less than other learning disabilities or ADHD (American
Psychiatric Association, 2000). In the past decade, research on the epidemiology (the
study of disease in human populations) of dyscalculia conducted over the globe has
been based on basic research principles: 1) use of a large population sample,
representative of the ethnic and socio-economic fabric and 2) standardized arithmetic
tests that tap multiple areas of arithmetic function. The results of these studies have
changed the notion that DD is a rare disorder, and today the evidence shows that the
prevalence of DD is no less than that of dyslexia, ranging from 3-14% (Barbaresi,
Katusic, Colligan, Weaver, & Jacobsen, 2005; Desoete et al., 2004, Gross-Tsur, Manor,
& Shalev, 1996; Lewis, Hitch, & Walker, 1994; Koumoula et al., 2004; Mazzocco &
Myers, 2003; Ramaa & Gowramma, 2002; von Aster et al., 2007). This conceptual
change has provided clinicians, educators, and policy makers with a realistic idea of the
number of individuals affected as well as with the demographic characteristics of this
population, their risk factors, and coexisting conditions (dyslexia, ADHD, developmental
language disorders, anxiety, depression, etc).
A review of a number of above-mentioned studies exemplifies many of these basic
criteria. For example, Desoete et al. (2004) required that all participants fulfill three
criteria to be categorized as dyscalculic: the discrepancy criterion (the child performed
significantly lower on arithmetic than expected on basis of general school results or
intelligence), the severity criterion (at least 2 SD below the norm), and the resistance to
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treatment criterion (the disability was not responsive to remediation at school). Based
on all three criteria, the prevalence of dyscalculia was 7.2% and 8.3% in 3rd grade boys
(n=699) and girls (n=637) and 6.9% and 6.2% in 4th grade boys (644) and girls (675)
respectively. A standardized arithmetic test, the Neuropsychological Test Battery for
Number Processing and Calculation in Children (ZAREKI-R, in German; von Aster et
al., 2006), which taps multiple areas of arithmetic and numerical function, was used by
Koumoula et al. (2004) in Greece. The prevalence of DD defined by a score of <1.5 SD
on the ZAREKI reached 6.3% based on a population of 240 children. Using the same
instrument and criterion in a population of n=337 Swiss children, von Aster et al. (2007)
reported a rate of 6.0 %. Since the ZAREKI has been validated in different countries
and different languages, the authors were able to make cross-cultural comparisons,
demonstrating similarities and differences between samples from Greece, France,
Switzerland, and Brazil.
Mazzocco and Myers (2003) studied the prevalence using a definition of two criteria:
multiple tests of arithmetic skills (Key Math Subtests, Test of Early Math Ability [TEMA-
2], and Woodcock-Johnson Revised Math Calculations subtest) and persistence of the
diagnosis for more than one school grade. The authors were able to demonstrate that
the use of two standardized arithmetic tools was necessary to reliably diagnose
dyscalculia. Using just one criterion to define dyscalculia resulted in an unrealistic
prevalence rate of 45%, almost half of all children in kindergarten, while when using
more than one criterion, the prevalence rates were between 5% (absolute requirement)
to 21% (discrepancy-based score) for 3rd graders.
The recommended principles (e.g., large representative sample and validated
assessment tests) for an epidemiological study were utilized in the study conducted by
Barbaresi and colleagues in Minnesota (2005). Medical and school records of all
children in a five-year birth cohort were examined. Children who had possible learning
issues, regardless of the source (school, physician, teacher, etc.) were included, and
their IQ and academic achievement tests reviewed; 1366 children were included as
learning disability candidates. All other records were reviewed using a computerized
search for possible diagnostic terms for learning disability and education and
psychological measurement, yielding an additional 143 candidates. Each child
underwent one of two standardized arithmetic tests and IQ (assessed with Wechsler
scales). The incidence of DD was estimated using three different definitions. The
incidence of dyscalculia for 11-year-olds ranged from 4.9% (Minnesota regression
formula) to 9.0% (discrepancy formula) and 10% (low achievement formula). For 13-
year-olds the estimates ranged from 5.3% to 11.0% and the cumulative incidence at
age 19 was from 5.9% to 13.8%. Given the stability of the numbers, once the diagnosis
of dyscalculia is made at age 11 to 13, it is likely to persist, rendering future
assessments unnecessary.
Demographic information gleaned from the epidemiological studies indicates firstly that
there are more boys than girls with this disorder; the male to female relative risk ratio
ranges from 1.6 to 2.2. Other studies have shown equivalent numbers of boys and girls
(Gross-Tsur et al., 1996; Koumoula et al., 2004), but the high number of girls in these
studies may reflect social (e.g., do girls really need to learn arithmetic?) or other
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influences on acquisition of arithmetic skills. In addition, a large percentage of children
with DD also have a coexisting reading disability, the percentages ranging from 17%
(Gross-Tsur et al., 1996) to 56.7% to 64% (Barbaresi et al., 2005; von Aster et al.,
2007). More children with DD than expected will fall into the clinical range of behavior
disorders as measured by the Child Behavior Checklist (Auerbach, Gross-Tsur, Manor,
& Shalev, 2008), although as a group their overall scores are within the normal range.
Conclusion
In summary, estimates of prevalence are only as accurate as the diagnosis, which is
based on valid testing instruments and representative populations. Despite the use of
different defining criteria and test instruments, a prevalence rate of around 6% has been
replicated in different countries, making this estimate fairly reliable. Subdividing children
with DD according to coexisting disorders (e.g., dyslexia, anxiety, etc.),
neuropsychological profiles (e.g., verbal versus performance functions), or domain
specific number functioning (e.g., subitizing, arithmetic facts, arithmetic calculations,
etc.) has not yet proved to be relevant to issues such as treatment, course, or outcome
of DD. Moreover, a biological or neuropsychological marker that would enable
prediction of a developmental delay versus a persistent learning disorder has not yet
been found.
There is a consensus that number processing and calculation is a complex cognitive
domain. The domain can be disturbed at different developmental stages and for a
variety of reasons, differentially affecting neural systems and culminating in clinical
heterogeneity, comorbidity, and long-term outcome. Thus there may be children with
familial-genetic DD whose primary problem is in manipulating numbers or children with
coexisting disorders such as language delay or ADHD with difficulties also derived from
working memory dysfunction or impaired language skills. Furthermore, knowledge of the
premises of epidemiological studies, such as the criteria used for defining DD, the
assessment tests used with all of their inherent limitations, will enable decision makers
to understand that research results are not “written in stone” but conceived as
guidelines to classify and promote children with academic underachievement in
arithmetic regardless of aptitude, comorbid conditions, and socio-economic status
(Gordon, Lewandowski, & Keiser, 1999).
Future Directions
The rapid transmission of information should enable the international scientific
community to adopt criteria to define DD and instruments to diagnose it that can be re-
evaluated and re-validated according to state of the art scientific knowledge. The rapidly
developing knowledge from functional brain imaging, neuropsychological as well as
clinical research, will enrich our understanding of the cognitive number system and its
development leading to elucidation of the underpinnings of arithmetic skills. However,
longitudinal studies are the key to delineation of the course and outcome of
developmental dyscalculia and the impact of socio-cultural influences on this learning
disability.
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